Compositional heterogeneity of protochlorophyllide ester in etiolated leaves of higher plants.
The formation and degradation of protochlorophyllide esters, i.e., protochlorophylls, were studied in etiolated leaves of kidney bean in relation to their aging. By the sensitive analysis of the pigments using high-performance liquid chromatography, the presence of four protochlorophylls esterified with phytol, tetrahydrogeranylgeraniol (THGG), dihydrogeranylgeraniol (DHGG), and geranylgeraniol (GG) was detected in kidney bean grown in the dark. Similar components were also observed in the etiolated seedlings of cucumber, sunflower, and corn. The content of each protochlorophyll species changed with the plant species and age of plants. In the case of kidney bean, the content of protochlorophyll phytol reached a maximal level at 9 days, then decreased rapidly during the subsequent development, in spite of the total protochlorophyll content remaining unchanged. In contrast to the degradation of protochlorophyll phytol, the other three protochlorophylls esterified with THGG, DHGG, and GG accumulated. These results may indicate that (i) protochlorophyll phytol is formed from the first esterified protochlorophyll GG through the next three hydrogenation steps as in the case of chlorophyll a phytol formation; (ii) the esterification reaction stops at 9 days and then reaction proceeds in sequence in the reverse direction, leading to the dehydrogenation of the alcohol moiety of protochlorophyll phytol to protochlorophylls THGG, DHGG, and GG.